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Previewsand zebrafish (Eisenhoffer et al., 2012).
More recently, the dispersion of cells in
the developing ureteric bud, a system
that faces similar challenges to the lung,
was shown to be driven by mitotic
daughter cells reintegrating in different
position in the epithelium (Packard et al.,
2013). It is therefore interesting that cell
slithering occurs in the absence of con-
spicuous division or apoptosis, indicating
that distinct mechanisms may be at
work here. Indeed, the work of Kuo and
Krasnow provides a useful reminder that8 Developmental Cell 35, October 12, 2015 ªwe shouldn’t take epithelial cells for
granted, as they will certainly continue
to surprise us with new exciting mecha-
nisms, especially when studied in situ in
their many different contexts.REFERENCES
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Adherens junctions (AJs) play a crucial role in epithelial tissue development and tumorigenesis, and the
mechanisms controlling their assembly and disassembly have therefore attracted considerable attention.
A paper from Tsur et al. (2015) in this issue ofDevelopmental Cell now shows how sumoylation and desumoy-
lation of E-cadherin promotes its recruitment to AJs.Sumo fighters embody heavy weight
together with high agility. Likewise, epithe-
lial cells with their asymmetrically posi-
tioned adherens junctions (AJs) exemplify
strong adhesion and fluid behavior. These
junctions, with their core E-cadherin/
b-catenin/a-catenin complex, play a
crucial role at multiple steps in epithelial
homeostasis. During epithelial polariza-
tion, AJs start as discrete spot junctions
located all along the lateral membrane,
which progressively condense more
apically to form the typical electron-dense
junction found in zonulae adherens.
In vivo, this process depends on a com-
plex interplay among the polarity com-
plexes PAR6/aPKC, Crumbs/PatJ/Sdt,
Yurt/Cora, and Scrib/Lgl/Dlg. How spot
junctions become excluded from the
basal-lateral membrane and congress
apically during epithelial polarization has
not yet been fully elucidated.
In more differentiated epithelia, recent
work has highlighted that epithelial cells
can easily change neighbors, owing tothe ability of AJs to continuously disas-
semble and reassemble. For these rea-
sons AJ dynamics are essential to achieve
tissue morphogenesis (Levayer and Le-
cuit, 2012). Studies conducted mainly in
Drosophila have underlined the key role
of actomyosin contractility and E-cad-
herin trafficking in achieving AJ turnover,
whereas studies in cell culture and in
model systems have identified key pro-
teins involved in controlling E-cadherin
endocytosis and recycling (Levayer and
Lecuit, 2012).
Now, Assaf Tsur, Limor Broday, and
their colleagues identify the small ubiqui-
tin-like protein SUMO as a player in the
control of AJ dynamics (Tsur et al.,
2015). Sumoylation corresponds to the
covalent but reversible addition of
SUMO to lysine residues (Flotho and Mel-
chior, 2013). Broday and her lab had pre-
viously applied a proteomics approach
to identify targets of sumoylation in
C. elegans. The authors could thereby
show that sumoylation of the intermediatefilament IFB-1 serves tomaintain a pool of
non-polymerized protein (Kaminsky et al.,
2009). As a follow-up to this work, the au-
thors intended to characterize enzymes
that remove SUMO adducts, namely
SUMO proteases, and focused on one of
the four C. elegans homologs, ULP-2.
Using a combination of biochemical,
genetic, and imaging approaches, the
authors first show that ulp-2 mutations
induce severe embryonic morphogenetic
defects, due at least in part to the mainte-
nance of E-cadherin sumoylation (Tsur
et al., 2015). They further identify three
lysine residues in the cytoplasmic tail of
the worm E-cadherin homolog HMR-1
that can be sumoylated. A key finding of
their work is the demonstration that
HMR-1 sumoylation reduces its interac-
tion with the b-catenin homolog HMP-2.
Interestingly, the recent crystal structure
of HMP-2 in interaction with the C-tail
of HMR-1/E-cadherin has confirmed that
the very C terminus of HMR-1 is not
buried (Choi et al., 2015) and thus is
Figure 1. E-Cadherin Sumoylation and Its Interaction with b-Catenin
In wild-type epithelial cells, continuous cycles of E-cadherin sumoylation and desumoylation favor
E-cadherin interaction with b-catenin, which in turn helps congregate AJs apically. In ulp-2 mutants with
no E-cadherin desumoylation, or in ULP-2 overexpression with no E-cadherin sumoylation, E-cadherin
interaction with b-catenin is reduced (see floating b-catenin), inducing an AJ compaction defect.
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vealed that the serine residue located
next to the three aforementioned lysines
should be phosphorylated to observe a
stable HMR-1/HMP-2 interaction (Choi
et al., 2015). To test the potential role of
sumoylation and desumoylation in vivo,
Tsur and colleagues examined the
behavior of AJs at two steps, during the
establishment of epithelial polarity and
during embryonic morphogenesis (Tsur
et al., 2015). They found that lack of
ULP-2 function or the expression of an
HMR-1::SUMO chimera, which mimics
constitutive HMR-1/E-cadherin sumoyla-
tion, slows down proper AJ maturation,
such that E-cadherin remains distributed
all along the lateral membrane (Figure 1).
Embryos that nonetheless manage to
compact their AJs next fail to reorganize
their AJs during the process of dorsal
intercalation or end upwith actin filaments
that detach from AJs due to the contin-
uous mechanical tension exerted on AJs.
Interestingly, overexpression of ULP-2,
leading to enhanced HMR-1 desumoyla-
tion, results in similar phenotypes, sug-
gesting that HMR-1 may need to be
continuously sumoylated and desumoy-
lated during epithelial morphogenesis
(Tsur et al., 2015).
These results are important for several
reasons. First, they place sumoylation at
the center stage of AJ dynamics. Second,
they suggest, although without unambig-
uously proving it, that sumoylation exerts
its control by affecting E-cadherin/b-cate-nin interaction, and thus that sumoylation
might ultimately impinge on how b-cate-
nin and a-catenin link E-cadherin to the
actin cytoskeleton. Although the authors
did not directly assess whether actomy-
osin contractility contributes to the phe-
notypes they observed, it is quite likely.
The loss of E-cadherin apical polariza-
tion had previously been observed in
C. elegans in mutants of the Scribble ho-
molog LET-413, which also affects the
second adhesion complex composed of
DLG-1 and AJM-1, or in mutants of the
clathrin coat adaptor AP-1 and its interac-
tor SOAP-1 (Gillard et al., 2015; McMahon
et al., 2001). Because continuous sumoy-
lation does not affect the DLG-1/AJM-1
complex, sumoylation appears to be spe-
cific to HMR-1/E-cadherin in establishing
epithelial polarity; it strengthens the idea
that the SUMO-dependent E-cadherin
compaction does not affect general cell
polarity mechanisms, but instead de-
pends on the link with b-catenin and its
partners. In this respect, the actin fila-
ment detachment phenotype occurring
in older ULP-2-deficient embryos is
slightly intriguing, as it shows actin fila-
ments still attached to HMR-1 marked
by GFP, implying that b-catenin and
a-catenin are still attached to HMR-1
(Tsur et al., 2015). A somewhat similar
phenotype is observed when the AJ-
associated actin pointed end-capping
protein tropomodulin is missing and
a-catenin is abnormal, which has been
interpreted to mean that actin filamentsDevelopmental Cellare important to strengthen AJs laterally
(Cox-Paulson et al., 2012). Because
junction strength depends in part on the
occurrence of E-cadherin cis-complexes
(Hong et al., 2013), continuous sumoyla-
tion might weaken AJs by affecting their
formation.
As with all interesting pieces of science,
this work raises further questions, among
which is: What controls the continuous
cycles of sumoylation and desumoyla-
tion? While sumoylation has previously
been reported to be unstable (Flotho and
Melchior, 2013), how these cycles are
regulated is unclear. It will be important
to further determine whether sumoyla-
tion impacts on the AP-1 or myosin II-
dependent E-cadherin endocytosis, or
on AJ mechanosensitivity, both of which
contribute to AJ dynamics (Gillard et al.,
2015; le Duc et al., 2010). The disas-
sembly of adherens junctions is also a
hallmark of epithelial-mesenchymal tran-
sitions (Levayer and Lecuit, 2012); one
could thus expect that sumoylation may
influence this process in both develop-
ment and in cancer. Watch out for the
sumo in your body.REFERENCES
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